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Abstract 

Background:  Pelvic movement training has become compulsory for part of medical students. An increasing amount 
of research has focused on the influence of virtual reality (VR) on learning effectiveness. However, its application to 
pelvic floor muscles or pelvic movement training is still in its infancy. We compared the effectiveness of conventional 
pelvic movement training with or without VR-assisted pelvic movement training for student learning.

Methods:  We recruited 44 university students (16 male and 28 female participants; average age = 19.7 ± 0.31 years) 
who had not previously received pelvic movement education or training. The participants were randomly assigned 
into traditional and experimental groups to acquire pelvic movements and relevant knowledge. The traditional group 
received conventional classes (about 15 min), whereas the experimental group received both conventional classes 
and VR-assisted teaching (additional VR session took approximately 25-45 min depending on the speed of movement 
of each participant). The participants were asked to control the trajectory of the centre of pressure on the Wii Fit bal‑
ance board and build-in games to learn pelvic movements.  We conducted evaluations before, immediately after, and 
2 weeks after the experiment, based on the scores of written and practical examinations. The experimental group was 
also asked to complete a questionnaire during the posttest.

Results:  We carried out two-way repeated measures ANOVA and discovered that the written examination scores 
indicated a significant Time × Group interaction (p=0.015). In each group, the written and practical examinations in 
the posttest and follow-up test exhibited significantly improved results compared with the baseline value (p <0.001, 
except for traditional group of written exam in follow up test vs. baseline p=0.001). The written examination in the 
follow-up test did not decline significantly compared with those in the posttest, but the practical examination in the 
follow-up test was decline significantly compared with those in the posttest (p=0.033). The experimental group had 
superior overall performance in the practical examinations than the traditional group (experimental group: mean = 
76.27, 95% confidence level [CI] = 70.84–81.71; traditional group: mean = 64.21, 95% CI = 58.78–69.65). No significant 
difference in the written examination between two groups. The percentage for agreement ratio on the usefulness, 
ease of use, users’ intention to continue using the VR-assisted teaching is high (95.5-100%).

Conclusions:  The results of this study suggested that conventional and conventional + VR teaching were both 
effective. However, the incorporation of VR stimulated learning motivation and facilitated precise performance of 
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Background
Faulty postures commonly result in anterior pelvic tilt 
[1]. Anterior pelvic tilt leads to lumbar lordosis and 
stretches abdominal muscle, causing prolonged tension 
in the low back extensor muscle and iliopsoas muscle. 
This weakens the core muscle over time, which normally 
induces low back pain (LBP). Researchers discovered that 
posterior pelvic tilt enables the coccyx to rotate back-
wards, which elongates the pelvic floor and activates 
pelvic floor muscle (PFM) [2]. Postural control muscles, 
such as transverse abdominis, multifidus muscle, and 
deep muscles of the spine, all work synchronously with 
PFM [3]. Therefore, the co-contraction of postural con-
trol muscles and trunk stability muscles affects PFM [4]. 
Training trunk stability muscles to enhance PFM is con-
ducive to lessening urinary incontinence [5]. Further-
more, a posterior pelvic tilt has a large influence on the 
bioelectrical activity of PFM [4], which indicates that pel-
vic movements influence the contraction of PFM and the 
occurrence of LBP. Pelvic training can help correct pelvic 
posture, alleviate back pain deriving from faulty postures, 
and improve proprioceptive awareness and the mobility 
of the lumbar spine, pelvis, and hips[6].

However, comprehending and correctly performing 
pelvic movements is not easy. Based on our observations, 
some learners are incapable of performing correct move-
ments during training even with the assistance of videos 
and actual demonstrations (e.g. the combined movement 
of the bridge position and a posterior pelvic tilt move-
ment). VR has been incorporated into teaching in vari-
ous fields to facilitate motor learning and to increase the 
willingness to learn [7–9]. Fortunately, the application of 
Wii Fit, virtual reality (VR) and electromyographic bio-
feedback in training can increase learner concentration 
and overall movement ability (coordination, sensitivity, 
balance, muscle strength) and/or improve patients incon-
tinence [10, 11]. Accordingly, teachers teach students 
integrated current technology with motor learning theo-
ries. This may be effective in teaching students the cor-
rect techniques of PFM exercise.

The most essential aspect of motor learning is ensur-
ing learners understand how to perform the target move-
ments. Learners must know (through feedback) how 
they are performing to make adjustments accordingly. 
Feedback can be categorised into intrinsic and extrinsic 
feedback based on its form. The form of feedback applied 
in VR studies is mostly extrinsic. Extrinsic feedback can 

be subcategorised into knowledge of performance (KP) 
and knowledge of results (KR) [12]. Feedback can also be 
divided into concurrent feedback and terminal feedback 
according to the feedback receiving time [13]. VR can 
be developed by the form of KR and is usually a message 
about whether the action will achieve the desired goal 
(e.g. giving scores after participants complete an action). 
VR applications can also incorporate positive or nega-
tive KP about desirable/undesirable movement patterns 
while tasks are being performed in order to address goals 
[14]. To our knowledge, limited evidence was found for 
the application of VR to pelvic floor muscles or pelvic 
movement training [15–17]. Martinho et  al. [15] asked 
participants to sit on a Wii Fit balance board and indi-
rectly trained their PFM through abdominopelvic move-
ments by using several Wii Fit Plus TM games. The results 
were significantly different from those of conventional 
PFM training in terms of muscular endurance. Physiofun: 
Pelvic Floor Training is Wii software developed in coop-
eration with Dr. Becker Hospital to train pelvic muscle 
to address postpregnancy urinary tract problems [17]. 
Despite the application of VR in clinical pelvic movement 
training, no studies have examined its effectiveness for 
student learning. Thus, in this study, we compared the 
effectiveness of conventional training and conventional 
training + VR training for student motor learning. We 
assumed that adding the VR-assisted teaching system 
to the conventional training is more effective than con-
ventional training alone in improving pelvic movement 
learning and retaining memory of the movements of the 
university students.

Methods
Sample size
The total sample size N=44 was estimated using GPower 
3.1, assuming ANOVA repeated measurements approach 
for between effects, within effects, and interactions. 
The parameters were as follows: effect size f = 0.25 
(ηp2 = 0.058; medium effect), power = 0.8, alpha = 0.05, 
and correlation between repeated measures r = 0.50.

Setting, recruitment and participants
The present study was conducted at I-Shou University. 
Participants were recruited from November 2019– July 
2020 in lecture or network by recruitment posters. The 
poster provided an overview and inclusion and exclu-
sion criteria of the study. All interested participants filled 

pelvic movements. It is recommended that pelvic floor muscles training could be supplemented with VR or games to 
increase students’ motivation and understanding how to perform pelvic movements.
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in the contact information. According to the applica-
tion form, we recruited 44 university students (16 male 
and 28 female participants; average age = 19.7 ± 0.31 
years) and excluded someone who had previously learn-
ing pelvic movement education, training, yoga or Pilates.  
Before the experiment, participants signed a clinical trial 
consent form and understood their rights. This study was 
approved by the Institutional Review Board of E-Da Hos-
pital (IRB No. EMRP04108N).

Randomize and blinded
This study was a single-blind, randomized controlled trial 
design and the participants were blind. We used a table of 
random numbers to assign equal the remaining 44 partic-
ipants into experimental and traditional groups (Fig. 1).

Intervention
All pelvic movement training and sideshows were 
designed based on the reference books for Taiwan 
National Examination in Physiotherapy. In the traditional 
group, the students received conventional class included 
lecture and practical component with text, pictures, vid-
eos and demonstrations. In the experimental group, they 
received the same conventional classes and added VR kits 

on the market (i.e. Wii Fit balance board and Wii Fit Plus 
TM).

Additional VR Classes
We employed a programming interface created using Vis-
ual C++ to capture the digital signals of the Wii Fit bal-
ance board [18]. The trajectory of the centre of pressure 
(COP) of the Wii Fit balance board was then exported 
and projected on the screen to provide participants with 
real-time visual feedback. Participants were given imme-
diate visual and auditory feedback to alert them of faulty 
postures. They were asked to perform anterior–posterior 
and left–right lateral pelvic tilt movements in a sitting 
position and then anterior–posterior pelvic tilt, left–
right pelvic rotation and pelvic clock exercise in a hook 
lying position on the Wii Fit balance board (Figs. 2 and 
3). For more complex pelvic movements, participants 
were asked to practice them separately by breaking down 
the movements [19]. In the experiment, the pelvic clock 
exercise begins with a simple posterior to anterior pel-
vic tilt movement (12→6 o’clock), slowly progresses to a 
left–right rotation movement (3→9 o’clock), and ends by 
integrating the first two movements to perform a pelvic 
clock (12→3→6→9→12 o’clock). This process was from 
easy to difficult and from slow to fast (Fig. 4).

Fig. 1  Flow chart of participants
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Before pelvic movement, COP of the balance board was 
set to zero. During the practices, their COP trajectories 
of their movements should be nearly identical to the pre-
set trajectory shown on the projection screen. The preset 
trajectories of the anterior–posterior and left–right lat-
eral pelvic tilt were respectively a vertical and a horizon-
tal line passing through the point of origin.

After completing the entire pelvic movement prac-
tice (Figs.  3 and 4), the participants were asked to play 
the built-in games in Wii Fit Plus TM (Fig. 5) (i.e. Soccer 
Heading TM, Hula Hoop TM, and Balance Bubble TM) in 
a sitting position on the Wii Fit balance board. The three 
games were played in a random order with the aim of 
training the left–right lateral tilt, circular, and anterior–
posterior pelvic movements of the participants.

Outcome measurements
Before experiment, we asked all the participants to pro-
vide age, sex, height, weight, ischium tuberosity widths, 

and incidence of LBP in the preceding 3 months. We 
assessed the two groups before, immediately after, 
and 2 weeks after the experiment by using written 
and practical examinations. A physiotherapy profes-
sional set questions according to the class content and 
gave a mark in the written and practical examinations. 
The experimental group was then asked to complete 
a 5-point Likert scale questionnaire we designed with 
reference to those established by other researchers [20, 
21]. The questionnaire was divided into three categories 
(usefulness, ease of use, users’ intention to continue 
using) with 11 questions and estimated level of agree-
ment with the Wii Fit balance board–assisted teaching.

Fig. 2  Pelvic clock exercise

Fig. 3  Preset trajectories of the three types of pelvic movements. a in sitting posture b in hooking lying posture

Fig. 4  Order of the pelvic clock movements in the experimental 
group. Participants should repeat each set of movements three times
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The written examination, a closed book examination, 
concerned pelvic movement training and consisted of five 
single-answer, multiple-choice questions with a total score 
of 100. The practical examination evaluated participant 
performance of pelvic movements though five questions, 
with a total score of 100; each item was evaluated by an 
assessor using rubrics for the accuracy of movement direc-
tions, starting position, the occurrence of compensatory 
movements, and the level of completion of the movements.

We evaluated the data collected from the pretest, 
posttest, and follow-up test to analyse the differences 
of the results of the written and practical examinations 
within group and between groups. We also confirmed 
whether learning was retained 2 weeks after the experi-
ment through the results of the written and practical 
examinations.

Statistical analysis
We employed IBM SPSS Statistics 22.0 to analyse the 
experimental data. The Shapiro-Wilk test was used to 
examine the normative distribution of the data. An 
independent sample t test was used for normally dis-
tributed data, the Mann-Whitney U-test for non-nor-
mality distributed data, and the chi-squared test for 
non-continuous data were used to compare the demo-
graphic data between the two groups, respectively. In 
addition, the scores of the written and practical exami-
nations in pretest were examined for normality dis-
tribution. Levene’s test and Mauchly’s sphericity test 
were used for homogeneity between groups and time of 
measurement. Subsequently, two-way repeated meas-
ures ANOVA was applied to study the scores in the 
written and practical examinations. The factor between 
groups was Group (experimental and traditional 
groups), and that within groups was Time (pretest, 
posttest, and follow-up test). We also verified whether a 
significant Time × Group interaction existed. We then 
applied the least significant difference (LSD) method to 
Time (i.e. the factor within groups) for a post hoc test 
to inspect the differences within groups. The signifi-
cance level was set at α = 0.05.

The agreement ratio for each question in the experi-
mental group were calculated using formula as follows:
agreement ratio =

number of strongly agree + agree + somewhat agree

number of experimental group
  

Results
Outcome measures
All the participants completed the entire trial (16 male 
and 28 female participants; average age = 19.7 ± 0.31 
years). Demographic characteristics between groups 
did not differ significantly at baseline. The scores on 
the written and practical examinations in the pretest 
were normally distributed in both groups and no sig-
nificant difference existed between the groups (p > 
0.05) (Table 1).  The scores on the written and practical 

Fig. 5  Participant in the experimental group playing Wii Fit Plus TM 
games

Table 1  Participants’ demographic and characteristics at baseline (mean ± standard deviation)

a  Mann-Whitney U test. b Independent sample t test. c Chi square analysis

Experimental group (n = 22) Traditional group (n = 22) p value

Age (year) 19.55±0.18 19.95±0.59 0.861a

Sex (male:female) 08:14 08:14 1.000c

Height (centimeter) 164.86±1.78 165±1.65 0.955b

Weight (kilogram) 59.61±2.23 59.3±2.83 0.541a

Ischium tuberosity widths (centimeter) 13.9±0.53 14.36±0.45 0.512b

Low back pain in the  preceding 3 months (people) 5 5 1.000c

Baseline value of the written examination (points) 35.45±27.56 50.91±28.77 0.076b

Baseline value of the practical examination (points) 47.18±18.75 40.32±16.51 0.205b
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examinations were homogeneous, and the result did 
not violate the hypothesis of sphericity after being cor-
rected by epsilon (ε; Huynh–Feldt correction).

The tests of within-subjects effects indicated the signif-
icant influence of Time on the score of the written exami-
nations (F1.60,66.98 = 58.19, p < 0.001, ηp2 = 0.58) and the 
practical examinations (F1.84,77.28 = 147.33, p < 0.001, ηp2 
= 0.78) and that a significant Time × Group interaction 
existed in the written examinations (p = 0.015, F = 4.95; 
Fig. 6). However, no significant interaction was identified 
in the practical examinations.

In the experimental group, the written examination 
scores in the posttest and follow-up test exhibited signifi-
cantly improved results compared with the baseline value 
(p < 0.001; p < 0.001). Those in the follow-up test did not 
decline significantly compared with those in the posttest 
(p = 0.204; Fig. 6).

The scores on the practical examinations in the post-
test were significantly higher than those in the pretest, as 
were those in the follow-up test. However, performance 
in the practical examination in the follow-up test was sig-
nificantly worse than that in the posttest (Table 2). In the 
traditional group, the written examination scores in the 

posttest and follow-up test were significantly improved 
from the baseline value (p < 0.001; p = 0.001). The writ-
ten examination scores in the follow-up test exhib-
ited no significant difference from those in the posttest 
(p = 0.825). The scores on the practical examination in 
the posttest were significantly higher than those in the 

Fig. 6  Time×Group interaction demonstrated in the written examinations (means and standard deviation bars are shown)

Table 2  Practical examination scores (points)

p values are presented for the differences between categories
a  Post hoc tests revealed significant differences between pretest and posttest on 
Time categories
b  Post hoc tests revealed significant differences between pretest and follow-up 
test on Time categories
c  Post hoc tests revealed significant differences between posttest and follow-up 
test on Time categories

Variable Category Mean(95% 
Confidence Interval)

p value

Group experimental group 76.27(70.84-81.71) 0.003

traditional group 64.21(58.78-69.65)

Time pretest 43.75(38.37-49.13) <0.001 ab

posttest 86.32(82.78-89.87) 0.033 c

follow-up test 80.66(74.97-86.35)
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pretest and follow-up test, and the scores on the practical 
examination in follow-up test were higher than those in 
the pretest (Table 2).

The practical examination scores of the experimental 
group (mean = 76.27, 95% CI = 70.84–81.71) were signif-
icantly higher than those of the traditional group (mean: 
64.21, 95% CI = 58.78–69.65; F1,42 = 10.02, p = 0.003, 
ηp2 = 0.19; Table  2). However, the written examination 
scores of the two groups did not significantly differ.

Results of the questionnaire
The percentages for agreement ratio on the usefulness of 
Wii Fit were 100%, 100%, 100%, and 95.5% for question 
1 to 4, respectively, which implied that most of the stu-
dents considered the Wii Fit beneficial to learning pelvic 
movements. The percentages for agreement ratio on the 
ease of use of Wii Fit were 100%, 100%, 95.5%, and 95.5% 
for question 5 to 8, respectively, which showed most of 
the students felt the Wii Fit easy to use. The percentages 
for agreement ratio on the users’ intention to continue 

using were all 100% for question 9 to 11, which suggested 
that all the participants in the experimental group were 
willing to use the VR-assisted teaching system. Detailed 
results are demonstrated in Fig.  7. Participants in the 
experimental group stated, “The games are great because 
they make the activity easier and more interesting;” “Wii 
fit makes learning pelvic movements easier and increases 
the fun;” “Wii fit facilitates users to control their pel-
vic movements and directions;” “If the teaching can 
be clearer; learners are able to perform the movements 
accurately.”

Discussion
The results revealed that both groups had significantly 
higher scores on the written and practical examina-
tions in the posttest and follow-up test than those in 
the pretest, respectively. We consider the students who 
had learned the movements performed better than 
those who had not learnt (Fig. 6; Table 2). However, the 
experimental group had significantly lower scores on the 

Fig. 7  Questionnaire horizontal bar chart



Page 8 of 11Lin et al. BMC Medical Education           (2022) 22:47 

practical examination in the follow-up test 2 weeks after 
the experiment compared with the posttest scores. In 
consideration that scores on both the written and prac-
tical examinations in the posttest were all significantly 
higher than those in the pretest (p < 0.001), we speculated 
that although VR-assisted learning generated satisfying 
learning outcomes in a short period of time, it reduced 
long-term memory retention due to more feedback the 
participants received [19]. Another possible reason is 
that the practical examinations evaluated nondeclara-
tive body memory, which concerned in detail that was 
likely to be forgotten 2 weeks after the experiment [13]. 
We therefore assumed that nondeclarative body memory 
tests, such as the practical examinations, require more 
practice than the written examinations.

In the experimental group, VR-assisted teaching was 
incorporated after the conventional teaching. The experi-
mental group had significantly higher scores on the 
practical examinations than the traditional group in all 
three tests (p= 0.003; Table 2). VR-assisted teaching and 
practice could potentially increase participants’ under-
standing of the movements, which would explain why 
the experimental group had more satisfactory perfor-
mance in the practical examinations than the traditional 
group [19, 22]. No significant difference was observed 
between the two groups concerning the written examina-
tion in the posttest. The reason might be that the writ-
ten examinations (multiple choice questions) could not 
evaluate whether participants were capable of accurately 
performing the movements, although they allowed quick 
assessments. We were unable to confirm whether correct 
answers were chosen out from understanding or guess-
work [23]. Actual pelvic movements should be learned 
through practice; thus, the learning outcomes could not 
be estimated merely by written examinations.

Regarding the questionnaire, the experimental group 
expressed high approval of the VR-assisted teach-
ing. In terms of usefulness, past study has mentioned 
that the Wii Fit balance board can be used to promote 
pelvic movement learning, and the approach success-
fully increased muscular endurance in PFM [15]. We 
applied software developed by Cooper et  al. [18] to 
assist students in learning pelvic movements. The Wii 
Fit balance board, a simple and relatively cheap COP 
detection device available on the market, is easy to use, 
which exempted learners from putting too much effort 
into learning to operate the unfamiliar device [24]. Par-
ticipants also gave high scores for the ease of use of the 
device. Based on these two factors, they strongly affirmed 
the teaching system and intention to continue using it for 
learning pelvic movements (Fig.  7). Furthermore, VR-
assisted teaching can increase student’s intrinsic moti-
vation. When students have high scores for interest and 

enjoyment, they tend to have higher scores in the course 
[25–27]. A study found that most nursing students at 
university continued to complete learning tasks to gain 
points even after receiving high scores because the game 
increased engagement and motivation [28]. Moreover, 
incorporating Wii Fit balance boards into learning can 
improve the concentration and overall movement ability 
of students with high-functioning autism in elementary 
schools. The effect remained even after the intervention 
ceased [10]. Hence, stimulating learning motivation ben-
efits student learning performance. Games may be a type 
of method that help learners focus, and they also create a 
more relaxing learning environment.

The results revealed that both groups had significantly 
higher scores on the written and practical examinations 
in the posttest and follow-up test than those in the pre-
test, respectively. We consider the students who had 
learned the movements performed better than those 
who had not learnt (Fig. 6; Table 2). However, the experi-
mental group had significantly lower scores on the prac-
tical examination in the follow-up test 2 weeks after the 
experiment compared with the posttest scores. In con-
sideration that scores on both the written and practical 
examinations in the posttest were all significantly higher 
than those in the pretest (p < 0.001), we speculated that 
although VR-assisted learning generated satisfying 
learning outcomes in a short period of time, it reduced 
long-term memory retention due to more feedback the 
participants received [19]. Another possible reason is 
that the practical examinations evaluated nondeclara-
tive body memory, which concerned in detail that was 
likely to be forgotten 2 weeks after the experiment [13]. 
We therefore assumed that nondeclarative body memory 
tests, such as the practical examinations, require more 
practice than the written examinations.

In the experimental group, VR-assisted teaching was 
incorporated after the conventional teaching. The experi-
mental group had significantly higher scores on the 
practical examinations than the traditional group in all 
three tests (p= 0.003; Table 2). VR-assisted teaching and 
practice could potentially increase participants’ under-
standing of the movements, which would explain why 
the experimental group had more satisfactory perfor-
mance in the practical examinations than the traditional 
group [19, 22]. No significant difference was observed 
between the two groups concerning the written examina-
tion in the posttest. The reason might be that the writ-
ten examinations (multiple choice questions) could not 
evaluate whether participants were capable of accurately 
performing the movements, although they allowed quick 
assessments. We were unable to confirm whether correct 
answers were chosen out from understanding or guess-
work [23]. Actual pelvic movements should be learned 
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through practice; thus, the learning outcomes could not 
be estimated merely by written examinations.

Regarding the questionnaire, the experimental group 
expressed high approval of the VR-assisted teaching. 
In terms of usefulness, past study has mentioned that 
the Wii Fit balance board can be used to promote pel-
vic movement learning, and the approach successfully 
increased muscular endurance in PFM [15]. In terms of 
ease of use, the Wii Fit balance board, a simple and rela-
tively cheap COP detection device available on the mar-
ket exempted learners from putting too much effort into 
learning to operate the unfamiliar device [24]. Based on 
these two factors, they strongly affirmed the teaching sys-
tem and intention to continue using it for learning pelvic 
movements (Fig.  7). Furthermore, VR-assisted teaching 
can increase student’s intrinsic motivation. When stu-
dents have high scores for interest and enjoyment, they 
tend to have higher scores in the course [25–27]. A study 
found that most nursing students at university contin-
ued to complete learning tasks to gain points even after 
receiving high scores because the game increased engage-
ment and motivation [28]. Hence, stimulating learning 
motivation benefits student learning performance. In the 
present study, VR-assisted teaching provided participants 
with concurrent feedback by displaying the trajectory of 
the COP of the Wii Fit balance board. The incorporation 
of games provided clear directions for application of pel-
vic movements. The students completed the games by 
using their pelvis to control the COP, and they tended to 
work hard to complete the tasks for higher game scores.

The common types of feedback given in VR-assisted 
teaching are knowledge of performance and knowledge of 
results, both of which are widely applied in motor learn-
ing. For example, students can adjust their movements 
based on images on the projection screen or the teachers 
remind students to move bigger during pelvic movement 
training [13, 29]. VR can also provide concurrent feed-
back that enables students to correct their movements in 
a timely manner with the help of an auxiliary line on the 
screen and combine physical guidance to make a clear 
standard for how movements can be completed [19]. In 
previous research [30], learners were asked to face an 
oscilloscope (kinetic feedback) and practise controlling 
the isometric contraction of their elbows. The group 
receiving concurrent feedback exhibited the highest per-
formance during learning yet the lowest performance in 
tests. In another study [31], researchers discovered that 
for complex motor learning (e.g. beginners practising 
with ski simulators), the 100% concurrent high relative 
feedback frequency group had significantly higher scores 
on the retention test without feedback than did the con-
trol group; the 50% reduced feedback frequency group 
had no significant advantage over the control group. 

This indicated that high feedback frequency benefits the 
learning of complex movements. In the past study, apply-
ing only VR in teaching increased student motivation and 
interest, but the test scores of the VR group were lower 
than those of students in the slideshow teaching group 
[32]. According to the cognitive theory of multimedia 
learning [33] proposed by Richard Mayer, slideshow 
teaching can reduce cognitive load and provide learners 
with more efficient learning. By contrast, applying only 
VR to teaching may overburden the learners and distract 
their attention, which further reduces learning effective-
ness [34]. Therefore, we incorporated VR in conventional 
classes to promote pelvic motor learning and compared 
the learning outcome with that of conventional classes 
only. The results revealed that incorporating VR in con-
ventional classes increases learning motivation and has a 
more satisfactory learning outcome than that of conven-
tional classes alone.

Strengths and limitations
This study has three main strengths. First, to our knowl-
edge, this was the first study using novelty technol-
ogy accessories- virtual reality to teach pelvic motions 
and compared with traditional classes. Second, it was a 
single-blind, randomized controlled trial design which 
reduced possible experimental bias. Third, the questions 
used during the learning phase and in exams referred to 
highly prevalent or important clinical problems.

However, this study had a limitation. In the present 
study, we only compared the effectiveness of VR-assisted 
and conventional teaching for pelvic movement training. 
The results revealed that incorporating VR into conven-
tional pelvic movement teaching has a more satisfactory 
outcome. Future studies are advised to add a VR teach-
ing group without conventional classes to the experiment 
and explore the learning outcomes of the three groups 
regarding pelvic movements.

Conclusions
The results of this study suggest that both conventional 
and VR-assisted teaching are significantly beneficial to 
learning outcomes. However, the incorporation of VR 
stimulates learning motivation and facilitates the learn-
ing of precise pelvic movements. Therefore, adding VR 
to conventional classes appears to be effective for pelvic 
movement learning. It is recommended that pelvic floor 
muscles training could be supplemented with VR or 
games to increase students’ motivation and understand-
ing how to perform pelvic movements.

Abbreviations
VR: virtual reality; PFM: pelvic floor muscle; LBP: low back pain; COP: centre of 
pressure.



Page 10 of 11Lin et al. BMC Medical Education           (2022) 22:47 

Acknowledgements
We would like to thank all the participants in this research.

Authors’ contributions
All the authors, HT, HJ, YI and WP, read and approved the final manuscript. HT 
planned and supervised the study. HT and HJ recruited all participants. HT and 
YI performed the analysis and wrote the manuscript. HT and YI carried out the 
experiment. All authors discussed the results.

Funding
This research was supported by the Ministry of Science and Technology, 
Taiwan (under grant MOST 108-2635-H-214-003-).

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to the fact that the privacy of the individual participant 
cannot be compromised but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
This study adheres to the guidelines of the Declaration of Helsinki. This study 
was approved by the Institutional Review Board of E-Da Hospital (IRB No. 
EMRP04108N). All students in the study gave their written informed consent 
for participation, which they could withdraw at any time

Consent for publication
Not applicable since this study does not contain any identifiable individual 
data and images

Competing interests
All authors declare that they have no financial or non-financial competing 
interests that might create a conflict of interest with the information pre‑
sented in this manuscript.

Author details
1 Department of Physical Therapy, I-Shou University, No. 8, Yida Road, Yan‑chao 
District, 82445 Kaohsiung, Taiwan. 2 Department of Health Management, Col‑
lege of Medicine, I-Shou University, 82445 Kaohsiung, Taiwan. 3 Department 
of Bioinformatics and Medical Engineering, Asia University, 500, Lioufeng Road, 
41354 Wufeng, Taichung, Taiwan. 

Received: 12 May 2021   Accepted: 17 December 2021

References
	1.	 RH. Musculoskeletal factors in chronic pelvic pain. J Psychosom Obstet 

Gynaecol. 1991;12:87.
	2.	 Kannan P, Winser S, Goonetilleke R, Cheing G. Ankle positions potentially 

facilitating greater maximal contraction of pelvic floor muscles: a system‑
atic review and meta-analysis. Disabil Rehabil. 2019;41(21):2483–91.

	3.	 O’Sullivan PB, Grahamslaw KM, Kendell M, Lapenskie SC, Moller NE, 
Richards KV. The effect of different standing and sitting postures on 
trunk muscle activity in a pain-free population. Spine (Phila Pa 1976). 
2002;27(11):1238–44.

	4.	 Ptaszkowski K, Paprocka-Borowicz M, Slupska L, Bartnicki J, Dymarek 
R, Rosinczuk J, Heimrath J, Dembowski J, Zdrojowy R. Assessment of 
bioelectrical activity of synergistic muscles during pelvic floor muscles 
activation in postmenopausal women with and without stress urinary 
incontinence: a preliminary observational study. Clin Interv Aging. 
2015;10:1521–8.

	5.	 Chmielewska D, Stania M, Slomka K, Blaszczak E, Taradaj J, Dolibog 
P, Juras G. Static postural stability in women with stress urinary 
incontinence: Effects of vision and bladder filling. Neurourol Urodyn. 
2017;36(8):2019–27.

	6.	 C K, LA C: Therapeutic exercise: Foundations and techniques, 5 edn; 2007.

	7.	 Bernardo A. Virtual Reality and Simulation in Neurosurgical Training. 
World Neurosurg. 2017;106:1015–29.

	8.	 Chan JCP, Leung H, Tang JKT, Komura T. A Virtual Reality Dance Training 
System Using Motion Capture Technology. IEEE Trans Learn Technol. 
2011;4(2):187–95.

	9.	 Chung-Min L, Hsiu-Mei H, Shu-Sheng L, Wen-Wen H. A Study of User’s 
Acceptance on Three-dimensional Virtual Reality Applied in Medical 
Education. Bull Educ Psychol. 2009;40(3):341–61.

	10.	 Ya-Chien T, Chih-Kang Y: The Study of Effeteness of CAI in Improving 
Motor Abilities for an Elementary School Student with High-Functioning 
Autism. Bull Eastern-Taiwan Special Educ 2009(11):129–151.

	11.	 Dannecker C, Wolf V, Raab R, Hepp H, Anthuber C. EMG-biofeedback 
assisted pelvic floor muscle training is an effective therapy of stress uri‑
nary or mixed incontinence: a 7-year experience with 390 patients. Arch 
Gynecol Obstet. 2005;273(2):93–7.

	12.	 JE. R: Teaching Physical Education for Learning: McGraw-Hill Humanities; 
1999.

	13.	 Ming-Hsia H: Motor control and motor learning, 4 edn: KINGDOM PUBLI‑
CATIONS LTD.; 2013.

	14.	 Levin MF, Weiss PL, Keshner EA. Emergence of virtual reality as a tool for 
upper limb rehabilitation: incorporation of motor control and motor 
learning principles. Phys Ther. 2015;95(3):415–25.

	15.	 Martinho NM, Silva VR, Marques J, Carvalho LC, Iunes DH, Botelho S. The 
effects of training by virtual reality or gym ball on pelvic floor muscle 
strength in postmenopausal women: a randomized controlled trial. Braz J 
Phys Ther. 2016;20(3):248–57.

	16.	 Wii Fit Game Based Abdomino-Pelvic Training In Urinary Incontinence 
[https://​clini​caltr​ials.​gov/​ct2/​show/​NCT03​727269]. Accessed 1 Dec 2018.

	17.	 Physiofun: Pelvic Floor Training [http://​www.​ninte​ndoli​fe.​com/​revie​ws/​
2011/​04/​physi​ofun_​pelvic_​floor_​train​ing].  Accessed 24 Mar 2020.

	18.	 BrainBLoX: Brain and Biomechanics Lab in a Box Software (Version 1.0) 
[Software] [http://​www.​color​ado.​edu/​neuro​mecha​nics/​resea​rch/​wii-​
balan​ce-​board-​proje​ct]. Accessed 1 Dec 2019.

	19.	 Schmidt RA, Lee TD: Motor control and learning: A behavioral emphasis, 5 
edn. Champaign: Human Kinetics; 2011.

	20.	 Davis FD, Bagozzi RP, Warshaw PR. User Acceptance of Computer 
Technology: A Comparison of Two Theoretical Models. Manag Sci. 
1989;35(8):982–1003.

	21.	 Bhattacherjee A. Understanding Information Systems Continuance: An 
Expectation-Confirmation Model. MIS Quarterly. 2001;25(3):351–70.

	22.	 Baddeley AD, Longman DJ. The influence of length and frequency 
of training session on the rate of learning to type. Ergonomics. 
1978;21(8):627–35.

	23.	 Rushton P, Eggett D. Comparison of written and oral examinations in 
a baccalaureate medical-surgical nursing course. J Professional Nurs. 
2003;19(3):142–8.

	24.	 Goble DJ, Cone BL, Fling BW. Using the Wii Fit as a tool for balance 
assessment and neurorehabilitation: the first half decade of “Wii-search.” J 
NeuroEng Rehabil. 2014;11(1):12.

	25.	 Luchi KC, Montrezor LH, Marcondes FK. Effect of an educational game on 
university students’ learning about action potentials. Adv Physiol Educ. 
2017;41(2):222–30.

	26.	 Augustyniak RA, Ables AZ, Guilford P, Lujan HL, Cortright RN, DiCarlo SE. 
Intrinsic motivation: an overlooked component for student success. Adv 
Physiol Educ. 2016;40(4):465–6.

	27.	 Cortright RN, Lujan HL, Blumberg AJ, Cox JH, DiCarlo SE. Higher levels of 
intrinsic motivation are related to higher levels of class performance for 
male but not female students. Adv Physiol Educ. 2013;37(3):227–32.

	28.	 Davidson SJ, Candy L. Teaching EBP Using Game-Based Learning: 
Improving the Student Experience. Worldviews Evid Based Nurs. 
2016;13(4):285–93.

	29.	 Sharma DA, Chevidikunnan MF, Khan FR, Gaowgzeh RA. Effectiveness 
of knowledge of result and knowledge of performance in the learn‑
ing of a skilled motor activity by healthy young adults. J Phys Ther Sci. 
2016;28(5):1482–6.

	30.	 Linden DWV, Cauraugh JH, Greene TA. The effect of frequency of kinetic 
feedback on learning an isometric force production task in nondisabled 
subjects. Physical Therapy. 1993;73 2:79–87.

	31.	 Wulf G, Shea CH, Matschiner S. Frequent feedback enhances complex 
motor skill learning. J Mot Behav. 1998;30(2):180–92.

http://clinicaltrials.gov/ct2/show/NCT03727269
http://www.nintendolife.com/reviews/2011/04/physiofun_pelvic_floor_training
http://www.nintendolife.com/reviews/2011/04/physiofun_pelvic_floor_training
http://www.colorado.edu/neuromechanics/research/wii-balance-board-project
http://www.colorado.edu/neuromechanics/research/wii-balance-board-project


Page 11 of 11Lin et al. BMC Medical Education           (2022) 22:47 	

	32.	 Parong J, Mayer RE. Learning science in immersive virtual reality. J Educ 
Psychol. 2018;110(6):785–97.

	33.	 Mayer RE: Multimedia Learning, 2 edn: Cambridge University Press; 2009.
	34.	 Makransky G, Terkildsen TS, Mayer RE. Adding immersive virtual reality to 

a science lab simulation causes more presence but less learning. Learn 
Instruction. 2019;60:225–36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Benefits of applying virtual reality in pelvic movement training through a Wii Fit: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Sample size
	Setting, recruitment and participants
	Randomize and blinded
	Intervention
	Additional VR Classes
	Outcome measurements
	Statistical analysis

	Results
	Outcome measures
	Results of the questionnaire

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


